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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new gene involved in acetic acid resistance of an 
acetic bacterium, a microorganism containing the gene, especially a method for improving the 
acetic acid resistance of the acetic bacterium and further to provide a method for efficiently 
producing a vinegar at a higher acetic acid concentration by using the acetic bacterium having 
the improved acetic acid resistance. 

SOLUTION: The new gene having functions to improve the acetic acid resistance at a practical 
level is cloned from a from a practical acetic bacterium belonging to the genus 
Gluconacetobacter according to a method for obtaining a gene even in a culture medium at an 
acetic acid concentration in which proliferation cannot usually be carried out from a 
chromosomal DNA library of the acetic-bacterium. In a transformant in which the gene is 
transduced into the acetic bacterium, the acetic acid resistance is remarkably improved. When 
the transformant is cultured in the presence of ethanol, the final ultimate acetic acid 
concentration can remarkably be improved. 
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>fXliv>*tt, fc-5VW4ii#(D^>f^y ^ -Y if - a x <D fa 0k ¥t , « 14 1 x s S C 

-co. i % s d s \z ti a i- 5 tt zS « -e e o <c -e as ^ ^ fx *? n 5 * ¥? ft if * s * if 6 ft s . 

[0 0 5 4 ] 

( 2 ) *«M cog^^lS 

*5!ia^g^^®l4rirh^^^^ — JgSt^^^3^Tirh^^^^JS<O^B^S:fgb, g^^ffi 
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[ 0 0 5 5 ] 

T-fe h- *9 9 —m<omm t Lt A # ft K ii , T±b'<?'5'--T±=?- (Acetobac 
ter acet i) # ajt ft , 7t h ^ - • Ttf No. 1023 (Aceto 
bacter aceti No. 1023)* (#fF4®f K t y -C F E R M . 
BP- 2 2 8 7 Ht*lt) # #J $ ft 3 „ 

(G 1 u c o n a c e t o b a c t e r entanii) & If b ft > 31 £ 4* If £ ^ ^ 
^ ^^-(CFERM BP-4 9 1 i: L t Uf£ § ^ t V> 5 7"fe h '< 9 9 — • T/UhT-fe 
^^^.^MH— 24 (Acetobacter altoacetigenes M H — 
2 4) tfc -4 s 0J £ ft 3 . 

[ 0 0 5 6 1 

St ft B 14 w ii r± , « x tf g£ K w tt it -e ^coiWtert<o='f-ifc : Srii | t , si"^'i:> x » , * 

[ 0 0 5 7 1 

£ 7c , fefe#DNAJ:rot(lfi ; f©-7 r nt-^-E5ISr < T-lrh/^^-.R^^^ 3 ^?' 

?X3KpBR322 ( S il iS tt S > (D7 X tv' J >f - * 5 K p H S G 2 

9 8 (SfiitttSi) ro^tv^-yyiSttiSfi^, 7?^iKpHSG 3 9 6 (£S&*t» 

[ 0 0 5 8 ] 
[ 0 0 5 9 ] 

atf-^^-iLtll, pMV24 *»ffX«5#«) ^>pTA5 0 

0 1 (A) , p T A 5 0 0 1 ( B ) (CTxti\ 1 #IR) ft if # * If 6 ft , 

hyyx^^ytLTIi, Mu^IS 1 4 5 2ft?«l*if^5. 
[ 0 0 6 0 ]. 

[ 0 0 6 1 ] 

7^a-/l'»'lb(Bttt5T* h/^^-Jg^/ua^T-lr h/<^-8»S»IK*3^ 
[ 0 0 6 2 ] 

±B» «t 5 U« » =• tf-«*«***ftfc * * f 

i« & $ ft /c T i? h/<?^-|^/yi'3VTt h^^^-JR<0g^es gST'fooTT^^- 

[ 0 0 6 3 ] 

LTtTfc*.tfA^. Utl±, ^ * ^ 
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ft it, ^^t»f t5?iS«tt6v\ 

& * « 4: L "C 14 , ^ ^ 3 - * ^ "> =• - * n - * * f4 c * ^ "** 5 * « ^ * ^ «» x # fl * H 

4:^X14, -<^bv, 4fro^fcM««:JBV*S r 

[ 0 0 6 4 ] 
[ 0 0 6 5] 

(4)#»W0>2Slfcl»i* 

^^1 ( ^^^ 3t -_^^^_) pUCl 9l;tfALX45»ii7 , 7^n , pGRSE 
(pUC19WSraaI^J»f«Bfi£1-Gluconacetobacter entani 

RM BP-8 1 8 74:U-C^K$tl-CV>S(7?T*, *-38 flCffiSie^ODNAIiSai: 
S>ni4\ w * 5 KtlV^-C, **Wi:ft50RFX»tht«*t5SSi 

[ 0 0 6 6 ] 

Rirtfc ±B bit J: 5 U-C*fc«Bi-***«*»6> *> W 5 l=. WttWtta 

iro^J^ltt, * 95 © H SS (4 3? W> t? fe 5 o 

[ 0 0 6 7 ] 
[ 0 0 6 8 ] 

i * * m i 

t m. s 12 w & v t- 5 / g ?'J © * je 

[ 0 0 6 9 ] 

(1) Sfefeft: D N A 7 -f 7* 7 y - © f^Si 
//^yTth^^^-' 1 ^^^'!' (Gluconacetobacter enta 
ni i) Cl*1?jb5TtM^-'r*l>rtfy*^MH-24 (Acetoba 
ct er a 1 t o a c e t i g e n e s M H - 2 4 ) ( F E R M BP-491) 

* 0 2 %tf » ^ h i') -C3 0t)lCT*fc 3***1?fcofc. 

#«S (7. sooxg, i o#) L, a^SrWfco Wfelifc** * * . *^*DNAlS 
« («*.!*, 4$ If X tfc 1 # ) Kt9. IfeffDNA&Wtfc. 
[ 0 0 7 0 ] 

±|2<D J; 5tcL-C»fe^fcaSfe*DNAft#JRR»*S a u 3A I <£fiitlt«) 
ftl, *fc*J»«-»M'> + *-pMV 2 4 £ fM PI » B a mH I t? % ± fff ft 

Lt ' «Lfc. rJve.ODNASrltfoi^L, ^-Y^-S'sV^yh ( T a K a R 
a DNA Ligation Kit Ver.2, * S Jt tt « ) £: ffl ^ "C-i£ &o L "C ^ 

3 ^ T -fe h * * - • i^^^-f©^feffDNA7-Y^7 y-Sr«^Lfc, 
[ 0 0 7 1 ] 
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(2) a^wtt&e^^^*--^^ 

tf No. 1 0 2 3ttl:»fteit, 2%^^, 100Mg/ml(DTVt o ^y^^^t? 
YPG^^igifcl-T, 3 0ttM BF^ilfCo 
[ 0 0 7 2 ] 

tDfcans-i:l OOM/mlorytf^Jy^tfYPGSHKaiLtitlL, » 
feixfcMfr^fe^^^S-.KSriaiRbfci:^*, ^2 k b P cos a u 3A Ilfr^^-^ 
^Stt-CSsO/w^^T^^ K *r p S l <h tfr £ L fc 0 ^ I: 2 %SS§5: ttt § Y P G* 
^««trt h/^^—Ttf No, i o 2 3ft^4f ^Jii:t§ili-Ii^ s l i:^ 

n — tltcm 2 k b p <D S a u 3 A I ®r Jt + <D 0 1 lw ^ U 6 O O b p CD E c o R 

v-s p h i ffi K x* h % z t & mm-? % o 

[ 0 0 7 3] 

z<d x b k l x ii « tt ^ ^ * ± it S£ • ft i % a ft * -e. u ^ *t m m & * v n r -t h ^ * 

Br it fc Si ft L o 

[ 0 0 7 4] 

(3) ^ P-yftSttfcDNAKffrOjISEJIJ^ifcJl 
ii|Sc0^n-^>ft:$nfcEc oRV-Sph iW^SrpUCl 9 CQ S m a I-Sph I SB 
aiC#AL, KHrfr^tttSE^JSr* * l/1S-<0 #<< *s • ^ * ~ f • * - ^ *~ ^> a 
^ft i Lfc#§*, EJH#*lCEtLfc*»EJI**i6Snfc. B fi * « tt ffl * 

0 

[ 0 0 7 5 ] 

e ?ij # i is m <o m m m n * i* , sst^i 9 1 a* & * * • * 4 9 o n w- -c , is w # 

*2i:B«l/fei54l00>©7S/l (B3) 5:3-Kt5t-/yy-7^^' 

•7 U ~ A (ORF) (D#4^»B * HfCo 
[ 0 0 7 6 ] 

( Ji SI #J 2 ) ^yi^n^Tir h ^ — • ^ V * =■ ^ fiS^ftSSttiC^t^f 
[ 0 0 7 7 ] 

(1) Tth^^^-'Ttf — CO j& H (E * 
±E«)J:5i:tt^o-^ftS*ifc7t - • r/vhT-fe h^*^MH-2 4 (A 

cetobacter altoacetigenes MH-24)»(FERM B 
P _ 491 ) ^ ftOflFBfeffitt&G? £r , KOD-Plus - (jt£}£*&«ttJR) 5:ffl^TP 
CRfti:J:9*lit, ^i1JILfcDNAWjt^glF^0-^:fliffi'>^^^" < ^^-pMV24 

( #J x. « , # W ff X St 5 # m o ) ^$JP6»*Sma I§]»r?Mi^#Atf:^7^^ K p G 
RsrfeMLfe. p g R s i ejf A3nfc**«Ji-<0«ttfcH 1 Lfc. rcD«tsW 

e c o r v - s P h i (Blittlfi^ : tO*««tE?l»*l l^t) 

rt S * ft * «Sf 191- 4 9 0 ^)^7^^« (ORF) <0±«EXtfT«ElH« 

[ 0 0 7 8 ] 

PCR»B*#»i:f4*©i5l!:ttJllfctfc. t4b%, ii^ltrt h/^^ — 

( * co % m is ya «: IE m # * 3 04) k * -r ) su ? t p 7^^-2 ( a e ?«j £ e ?*j # 

-§-4 (05) K ^ i" ) ^ffl^T, KOD-Plus - (I#igttfi) £ {£ ffl L , T 12 "f 
5PCR^tti:TPCR^^fitf: 0 

1- * t> h . P C R & tt 9 4 °C 15», 60t 30», 68t aO^tlf'f^^i 
It, 3 0 t>f ^/WSIltUfco 
[ 0 0 7 9 ] 



(12) 



JP 2004-121021 A 2004. 4. 22 



;© P GRS U7th/^^--7tfNo. 1023«lriU^ha^U-->g^& 

<DT yfcfv' U ySV 2 »*D L-tcY P G^^^lfiT-3g#i U fc „ 

[ 0 0 8 0 ] 

[ 0 0 8 1 ] 

±E©J:5i:tt»6nfcr5^S KpGRS 1 ttt 57 yi?5/ !I vitto»lte*« 

A b tE T i? ]•/<** — • T-t^No. 1 0 2 3 t* t it & L . 
[ 0 0 8 2 ] 

^frfttCli @* g£ 3 % , i#/-*3%4rytf'/9yi00M/"ltStM00m 
lOYPGfSSCt^ 30tfSt5«i (150rpm) 5rtr4V\ 

3 L 2 5 jbkie 3 %»mt 3 / -juzmrn vtztzm 

*iM2?-UtVfc^7^5 KpGRSlHt57ytf'/J yftt^ff^^fti^^ 
T> nh MH-pMV2 4«*Ht5jc»7tl«/<^--7tfNo. 102 

3ttcfcgm*#«&*t& Lfc. 

[ 0 0 8 6 ] 

1 % , ^ * / — & 4 % , T >- f •> U V 1 0 0 m g / m 1 £: "a tr 2 . 

3 0-C, 4 0 0 r p m , O. 2 0 v v ra©IMS#©*^R4l 
SI $ 1t o -€r fiO S 



KMJ-5A) SrfflV^T^ 

5 L<75YPGitttH--t 

fcTOOmll^U, ft*. /-^*<T*. r ^^ yS:100 / l£"i5f 

tttt51 , 8 L 05 Y P G*&i«5£^*n Lt, 3 % T* * * / - /W 4 % <D ft K U M Si U 

to8*t*ic*i»t. 

[ 0 0 8 7 ] 





mast* 


(OD660/hr) 


(%/hr) 


(hr) 




9. 9 


0. 0162 


0.071 


54. 4 




11.1 


0. 0235 


0. 093 


62. 3 



[ 0 0 8 8 ] 

Hti^: <!; #s $£ f& ~C £ 0 

[ 0 0 8 9 ] 
[ % SB O » * 1 



****** K*sv^-c, MK* 
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«r ffl fc , ± D * ft Bft » flE «> * ft * * » * 3tt 3S "t" * * JSfe W * J ^1 « i: * -a ^ . 
[ 0 0 9 0 ] 
I B2 M * 1 

SEQUENCE LISTING 
<U0) Mitsukan Group Corporation 

<120> Structural gene responsible for acetic acid resistance gene i 
n acetic acid bacteria, acetic acid bacteria transformed with said gene, 
and acetic acid fermentation using said trans formants. 
<130) 6633 
<141) 2002-09-30 
<160> 4 
<210> 1 
<211> 604 
<212> DNA 

<213> Gluconacetobacter entanll 
<400> 1 

gatatcccgc tttcttgtct gcggggtgcg aattatgcgc gcccagtccc gttccgcttc 60 
ttgacacccg tcggggggct tcctatctgg ttcttagcac tctcatgagg ggagtgctaa 120 
cgcgatgcgg cctggcgcgc gcgccaaccg gtggcgttgc ttgattcaag ggcgttacct 180 
tttaagagat ttggagcgat ccatgacgaa atttcgtccc ctgcatgacc gtgtggtcgt 240 
ccgtcgcctc aagagcgagg aaaaaacagc aggtggtatc atcatccctg agaccgccaa 300 
ggaaaaaccg atggaaggcg aggtgatctc ggtgggcgca ggtgcccgta acgagcaggg 360 
gcagatcgtc cccctcgacg tgaaggcggg tgaccgcgtc ctgttcggca agtggtcggg 420 
cacggaagtg acgatcgacg gtgaagaact gctgatcatg aaggaaagcg acatcatggg 480 
cgtggtcgcc tgacccaccc ggtgctttcc tgaccgagta accttttaga actttccata 540 

tcggagaaga agaaaatggc agccaaggac gtaaagttcg gcggtgaagc ccgccagcgc 600 
atgc 604 

<210) 2 

<211) 100 

<212> PRT 

<213) Gluconacetobacter entanil 

<400> 2 
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Leu Glu Arg Ser Met Tbr Lys Phe Arg Fro Leu His Asp Arg Val Val 

5 10 15 

Val Arg Arg Leu Lys Ser Glu Glu Lys Thr Ala Gly Gly lie He He 

20 25 30 

Pro Glu Thr Ala Lys Glu Lys Pro Met Glu Gly Glu Val lie Ser Val 

35 40 45 

Gly Ala Gly Ala Arg Asa Glu Gin Gly Gin He Val Pro Leu Asp Val 10 

50 55 60 

Lys Ala Gly Asp Arg Val Leu Pie Gly Lys Trp Ser Gly Thr Glu Val 
65 70 75 80 

Thr He Asp Gly Glu Glu Leu Leu He Met Lys Glu Ser Asp He Met 
85 90 95 

Gly Val Val Ala 

100 20 

<210) 3 
<211> 30 
<212> DNA 

<213> Artificial sequence 
<400> 3 

ttcttgtctg cggggtgcga attatgcgcg 30 

<210> 4 30 

<211> 30 

<212> DNA 

(213) Artificial sequence 

<400> 4 

ttactcggtc aggaaagcac cgggtgggtc 30 

[Ell] EcoRV-Sph I & m^X 9 n — - if £ tl 1t ? sU =1 T ± h '< ? * — • ^ 

m a m ft <o « m m = 

i.m 3 j *mwtm&mm*tf = - Kts * v< ^i»r? / mmm (ew»* 2 > 

El Bo 

[ El 4 ] ^7^?-lSr*t. 

I El 5 ] 7" 7 -C — 2 £ ^i" „ 

im 6 ] *§miH4jte^<0:&£K?iJ£^'t-. 
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[0 1] 

Sau3Al Sau3M 
EcoRV Sau3M Sau3AJ \Sau3 Al j Sphl 



pGRSI 





Acetic acid resistance gene 








0.1 kb 






+ ► 



[02] 

0.8 i 




0 1 ' ' ' ' 

0 50 100 150 200 

[031 

leuGluAraSerltetThrLysPheArgPro LeuKiaAspArgValValValArcArgLeu 20 

LysSerCluGluLysThrAlaGlyGlylle lleUehroGluThrAlaLysGluLysPro 40 

M«tGluClyCluVelIleSerValGlyAlo GlyAlaArgAsnGluGlnGlyClnl laVal 60 

HroLeuAspValLysAlaGlyAspArgYal UuPheGlyLysTrpSerGlyThrGluYal 80 

ThrlleAspGlyGluGluLauUuIWMrt LysGluS.rAsplUMetGlyValVa 1AU 100 



[04] 

5* -TTCTTGTCTGCGGGGTGCGAATTAtGCGCG-3' 

[B5] 

5' -TTACTCGGTC AGGAAAGC ACCGGGTCGGTC-3' 

[me] 

galaicccgc tttcttgtct gcgggglgcg aatlalgcgc gtccagtccc gttccgcttc 60 

ttgacacccg tcggEKKRr.i i.cclalctKtt ttcttagcac tctcalgage egagtgctaa 120 

cgcgatgcgg cctggcgcgc gcgccaaccg gtggcgttgc ttgattcaag ggcgttacct 180 

U-aagagai tiggagcgai ccatgacgaa atttcgtccc clgcatgacc gtgtggtcgt 240 

ccgtcgcclc aagagcgagg aaaaaacagc aggtggtatc atcatcccU egacceccaa 300 

ggaaaaaccg atggp.aggcg aggteatctc ggtgggcgca ggtgcccgU acgagcaggg 360 

gcagatcgtc cccctcgacg tgacggcggg tgaccgcgtc ctgttcggca agtggtcggg 420 

cacggaagtg acgatcgacg gtg&agaact gcigaicatg aaggaaagcg acatcatggg 480 

cgtggtcgcc tgacccaccc ggtjic-.ttcc tgaccgagta accttttaga ec-,ttccata 540 

tcggagaaga agaaaatggc agr.caaggac gtaaagttcg gcgglgaagc tcgccagcgc 600 

atgc 604 



